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(54) [Title of the Invention] POLYCARBONATE MANUFACTURING METHOD 



(57) [Abstract] 

[Object] The object of the present invention is to provide a 
method for the efficient manufacture of high-quality 
polycarbonates from bisphenols under mild conditions by means 
of an ester interchange reaction without using harmful carbonyl 
dihalides such as phosgene, etc., or halogen-containing carbonic 
acid ester forming compounds. 

[Constitution] The present invention provides a polycarbonate 
manufacturing method that is characterized in that a bis[2- 
alkoxyphenyl] carbonate expressed by the following general 
formula [I] 



OR 0 




(R in formula [I] indicates an alkyl group, and the two groups 
indicated by R in formula [I] may be the same or different.) and a 
bisphenol are subjected to an ester interchange reaction. 



BEST AVAILABLE COP v 



[Claims] 

[Claim 1] A polycarbonate manufacturing method that is 
characterized in that a bis[2-alkoxyphenyl] carbonate expressed 
by the following general formula [I] 

OR 0 




(R in formula [I] indicates an alkyl group, and the two groups 
indicated by R in formula [I] may be the same or different) and a 
bisphenol are subjected to an ester interchange reaction. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] The present invention relates 
to a polycarbonate manufacturing method, and more particularly 
relates to a polycarbonate manufacturing method for the efficient 
manufacture of high-quality polycarbonates from bisphenols 
under mild conditions by means of an ester interchange reaction 
without using harmful carbonyl dihalides such as phosgene, etc., 
or halogen-containing carbonic acid ester forming compounds. 
[0002] 

[Prior Art] Aromatic polycarbonates (PC) as represented by 
bisphenol A type polycarbonates are especially superior in terms 
of heat resistance and mechanical strength characteristics such as 
shock resistance, etc. Furthermore, such polycarbonates also 
possess numerous other special features as engineering resins; 
e. g., superiority in terms of many other characteristics such as 
solvent resistance, dimensional stability during molding, 
transparency, insulating properties and flame retarding properties, 
etc. Accordingly, such polycarbonates are used in a wide range of 
applications as materials in various fields such as precision 
machine parts, automotive parts, electrical and electronic materials 
and optical materials, etc. 

[0003] Various methods have been proposed in the past as 
methods for manufacturing such polycarbonates; among these 
methods, methods that use a reaction of bisphenols such as 
bisphenol A, etc., and carbonic acid ester forming compounds are 
important from an industrial standpoint. In particular, (1) methods 
in which bisphenols and phosgene are reacted in a solvent, 
(2) methods in which bisphenols and phosgene are reacted at a 
gas-liquid interface, and (3) methods in which bisphenols and 
carbonic acid ester compounds are subjected to an ester 
interchange reaction, are especially important. 
[0004] However, in the case of methods of the abovementioned 
(1), the following drawback is encountered: namely, expensive 
pyridine is used as a solvent in order to thoroughly dissolve not 
only the bisphenol but also the phosgene. Furthermore, in the 
case of the methods of (1) and (2), since phosgene which has a 
strong toxicity and corrosive properties is used, expensive 
materials and equipment are necessary from the standpoint of 
ensuring safety and preventing corrosion of the equipment 
used. On the other hand, methods utilizing the ester 
interchange reaction of (3) are simple methods that possess 
various advantages: e.g. such methods do not use difficult-to- 
handle phosgene, and are therefore safe; furthermore, the 
special use of a solvent is not always necessary. However, 



conventionally proposed methods belonging to this category 
(3) suffer from technical problems: namely, since not all of 
these methods use appropriate ester compounds, etc., the 
reactivity is insufficient; furthermore, the polycarbonates that 
are obtained may be colored (as is described later), and it may 
be impossible to obtain high-quality polymers. Because of 
these problems, the industrial manufacture of polycarbonates 
of this type is currently performed almost exclusively by 
methods belonging to the abovementioned category (2). 
[0005] However, since methods utilizing an ester interchange 
reaction as in the abovementioned (3) are simple methods that 
possess the basic advantage of not requiring the use of harmful 
halogen-containing compounds such as phosgene and 
chloroformates, etc., such methods should constitute methods 
that would surpass the methods of the abovementioned 
categories (1) and (2) in industrial terms if the abovementioned 
technical problems could be sufficiently resolved. In methods 
using such an ester interchange reaction, the selection of the 
compounds used as the carbonic acid esters that are reacted 
with the bisphenols is important, at least from the standpoint of 
obtaining a sufficient reactivity. 

[0006] In view of these facts, various attempts have been made 
to solve the abovementioned technical problems relating to 
methods utilizing the ester interchange reaction of (3), and thus to 
manufacture high-quality polycarbonates with good efficiency. 
Among these conventional methods using an ester interchange 
reaction, a method that uses bis[2-alkoxycarbonylphenyl] 
carbonates as the carbonic acid esters that are reacted with the 
bisphenols has been proposed as a method that has attracted 
special attention (U. S. Patent No. 4,323,668). In the 
specification of this U. S. patent, it is indicated that the use of 
such bis[2-alkoxycarbonylphenyl] carbonates makes it possible 
to obtain high-quality polycarbonates by a reaction for a 
shorter time and at a lower temperature than in cases where a 
conventional diphenyl carbonate is used. However, in this 
conventional method, the following problem arises: namely, since 
the 2-alkoxydicarbonylphenols that are inevitably produced by the 
ester interchange reaction have a high boiling point, these 
compounds remain in the polymer, or else coloring of the polymer 
occurs if the temperature is elevated in order to reduce this 
residual amount. 
[0007] 

[Problems to Be Solved by the Invention] The present invention 
was devised in light of the above facts. The object of the 
present invention is to solve the various problems encountered 
in the prior art, and to provide a polycarbonate manufacturing 
method that is extremely advantageous from a practical 
standpoint, and that makes it possible to obtain high-quality 
polycarbonates from bisphenols with good efficiency by means 
of a reaction for a short time under mild conditions (i. e., at a 
low temperature), by employing an ester interchange reaction 
using appropriate carbonic ester, without any need to use 
carbonyl dihalides such as phosgene, etc., or halogen- 
containing organic acid ester forming compounds (e.g., 
haloformate compounds such as chloroformate compounds, 
etc.) that are harmful and difficult to handle. 
[0008] 
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[Means Used to Solve the Problems] In order to solve the 
various problems (mentioned above) that are encountered in 
conventional bisphenol type polycarbonate manufacturing 
methods, the present inventors conducted diligent research 
concerning methods utilizing an ester interchange reaction of 
carbonic acid esters and bisphenols that does not require the 
use of halogen-containing carbonic acid ester forming 
compounds such as phosgene, etc. that are harmful and 
difficult to handle. In this research, various types of 
investigations were performed with a special focus on the types 
of carbonic acid esters that are reacted with the bisphenols. As 
a result, the inventors discovered that the use of compounds 
with a specified structure, i. e., bis[2-alkoxyphenyl] carbonates, 
as the abovementioned carbonic acid esters causes the ester 
interchange reaction, i. e., the polymerization reaction, to 
proceed in a short time even at relatively low temperatures, so 
that various bisphenol type polycarbonates can be obtained 
with a good efficiency under mild conditions. Furthermore, the 
present inventors also made the following discovery: namely, if 
this method is used, since the 2-alkoxyphenols that are 
dissociated by the ester interchange reaction have a relatively 
low boiling point, these compounds can easily be removed from 
the product polymer or the reaction system during the reaction at a 
relatively low temperature, so that these compounds tend not to 
remain in the polymer, and so that problems such as a drop in 
quality due to coloring of the polymer, etc. are therefore 
eliminated, thus making it possible to obtain polycarbonates with 
a markedly high quality (including the feature just described) by 
means of a simple process. 

[0009] The present inventors perfected the present invention 
mainly on the basis of these findings. Specifically, the present 
invention provides a polycarbonate manufacturing method that is 
characterized in that a bis[2-alkoxyphenyl] carbonate expressed 
by the following general formula [I] 

OR 0 
RO 

(R in formula [I] indicates an alkyl group, and the two groups 
indicated by R in formula [I] may be the same or different) and a 
bisphenol are subjected to an ester interchange reaction. 
[0010] R in the abovementioned general formula [I] may 
generally be any alkyl group; for example, alkyl groups with 
various structures having 1 to 6 carbon atoms can be used. 
However, as is noted below, if the ease of removing the 
2-alkoxyphenols that are produced along with the polymer 
(polycarbonate) that constitutes the desired product is taken into 
account, alkyl groups with 1 to 4 carbon atoms are desirable. 
[0011] Specifically, in the method of the present invention, the 
desired polycarbonates are synthesized by an ester interchange 
reaction of compounds expressed by the abovementioned general 
formula [I], i. e., bis[2-alkoxyphenyl] carbonates (hereafter 
abbreviated to "compounds [I]" in some cases) and the 
abovementioned bisphenols; however, the 2-alkoxyphenyl or 



2-alkoxyphenyloxy moieties contained in the compounds [I] are 
dissociated by the ester interchange reaction in this case. 
Accordingly, the polymer (polycarbonate) constituting the desired 
product and the abovementioned dissociated 2-alkoxyphenols are 
both present in the reaction mixture following the reaction. 
Consequently, it is necessary to remove the abovementioned 
2-alkoxyphenols in order to purify the polymer. There are no 
particular restrictions on the method that is used to remove these 
2-alkoxyphenols from the polymer; various types of methods may 
be used. Ordinarily, however, a method in which the 
2-alkoxyphenols are distilled away by heating is especially 
desirable for use from the standpoint of simple operation, etc. In 
the case of such a distillation method using heating, removal 
becomes easier as the molecular weight of the 2-alkoxyphenols 
becomes smaller (so that the boiling point is lowered); 
accordingly, these compounds can be removed more efficiently by 
heating at lower temperatures. Of course, even in cases where 
these 2-alkoxyphenols have a large molecular weight and a high 
boiling point, the compounds can be sufficiently removed by 
heating the system to a higher temperature. However, if the 
polymer is heated to an excessively high temperature, the polymer 
may show coloring. Accordingly, in order to achieve the sufficient 
removal of 2-alkoxyphenols from the polymer at a sufficiently low 
temperature, it is desirable to use compounds [I] that have alkyl 
groups R with a small number of carbon atoms. Furthermore, 
2-alkoxyphenols with a smaller molecular weight are also more 
easily removed in cases where methods other than the 
abovementioned heating distillation are used as means of 
removing the 2-alkoxyphenols from the polymer. 
[0012] It is mainly for such reasons that compounds in which 
the abovementioned R indicates alkyl groups with 1 to 4 carbon 
atoms are desirable for use as the abovementioned compounds [I]. 
Conversely, if compounds in which the number of carbon atoms 
in the R groups is greater than 5 are used as the abovementioned 
compounds [I], the boiling point of the 2-alkoxyphenols that are 
produced is increased (or the molecular weight becomes larger); 
accordingly, sufficient removal of these 2-alkoxyphenols from the 
polymer becomes difficult. 

[0013] Concrete examples of alkyl groups with 1 to 4 carbon 
atoms that are desirable as the abovementioned R groups include 
methyl groups, ethyl groups, n-propyl groups, isopropyl groups, n- 
butyl groups, sec-butyl groups, isobutyl groups and tert-butyl 
groups, etc. Among these groups, lower groups such as methyl 
groups and ethyl groups, etc., are more desirable for use, and 
methyl groups are especially desirable for use. Furthermore, the 
two R groups in formula [I] may be alkyl groups of the same type 
or alkyl groups of different types. 

[0014] Concrete examples of compounds expressed by the 
abovementioned general formula [I], i. e., concrete examples 
of compounds [I], include bis[2-methoxyphenyl] carbonate, 
bis[2-ethoxyphenyl] carbonate, bis[2-(n-propoxy)phenyl] 
carbonate, bis[2-isopropoxyphenyl] carbonate, bis[2-n- 
butoxyphenyl] carbonate, bis[2-(sec-butoxy)phenyl] 
carbonate, bis[2-isobutoxyphenyl] carbonate, bis[2-(tert- 
butoxy)phenyl] carbonate, and (2-methoxyphenyl)(2- 



ethoxyphenyl) carbonate, etc. Among these compounds, bis[2- 
methoxyphenyl] carbonate is especially desirable for use. 
Furthermore, these compounds [I] may be used singly, or may be 
used as mixtures of two or more compounds if necessary. 
[0015] Various types of bisphenol compounds such as 
compounds used or proposed as monomers in the manufacture of 
universally known bisphenol type polycarbonates, etc., can be 
used as the abovementioned bisphenols. 

[0016] Typical examples of the abovementioned bisphenols 
include bis(4-hydroxyphenyl)methane, 1,1- 
bis(4-hydroxyphenyl)ethane, 1 , 2 - b i s ( 4 - 
hydroxyphenyl)ethane, 2 , 2 - b i s ( 4 - 
hydroxy phenyl ) propa ne (i.e., bisphenol A), 
2,2-bis(4-hydroxyphenyl)butane, 2 ,2-b is(4- 
hydroxyphenyl)octane, 4 , 4 - b i s ( 4 - 
hydroxyphenyl)heptane, 1 , 1 - b i s ( 4 - 
hydroxyphenyl)-l,l-diphenylmethane, 
1 , 1 - b i s ( 4 - h y d r o x y p h e n y 1 ) - 1 - 
phenylethane, 1 , 1 - b i s ( 4 - 
hydroxyphenyl)-l-phenylmethane, 
bis(4-hydroxyphenyl) ether, b i s ( 4 - 
hydroxyphenyl) sulfide, b i s ( 4 - 
hydroxyphenyl) sulfoxide, b i s ( 4 - 
hydroxyphenyl)sulfone, b i s ( 4 - 
hydroxyphenyl)ketone, 1 , 1 - b i s ( 4 - 
hydroxyphenyl)cyclopentane, 1,1- 
bis(4-hydroxyphenyl)cyclohexane, 2,2- 
bis(3-methyl-4-hydroxyphenyl)propane, 
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 
2,2-bis(3-methyl-4-hydroxyphenyl)butane, 
2-(3-methyl-4-hydroxyphenyl)-2- 
(4-hydroxyphenyl)- 1 - phenylethane, 
bis(3-methyl-4-hydroxyphenyl) sulfide, 
bis(3-methyl-4-hydroxyphenyl)sulfone, 
bis(3-methyl-4-hydroxyphenyl)methane, 
1 , l-bis( 3 -methyl -4 -hydroxy phenyl )cyclohexane, 
4,4 , -dihydroxybiphenyl, 2 , 2 - b i s ( 2 - 
methyl-4-hydroxyphenyI)propane, 
1 , 1 ■ b i s ( 2 - b u t y 1 - 4 - h y d r o x y • 5 ■ 
methylphenyl)butane, 1 , 1 - b i s ( 2 - 
tert-butyl-4-hydroxy-5-methylphenyl)butane, 

1.1- bis(2-tert-butyl-4-hydroxy- 
5-methylphenyl)isobutane, 1,1- 
bis(2-tert-butyl-4-hydroxy- 
5-methylphenyl)heptane, 1,1- 
bis(2-tert-butyl-4-hydroxy-5-methylphenyl)-l- 
phenylmethane, l,l-bis(2-tert-amyl- 
4-hydroxy-5-methylphenyl)butane, 
bis(3-chloro-4-hydroxyphenyl)methane, 
bis(3, 5 - dibromo-4-hydroxyphenyI) methane, 

2.2- bis(3-chloro-4-hydroxyphenyl)propane, 
2,2-bis(3-fIuoro-4-hydroxyphenyl)propane, 



2,2-bis(3-bromo-4-hydroxyphenyl)propane, 
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, 
2,2-bis(3,5-difluoro-4-hydroxyphenyl)propane, 
2,2-bis(3,5-dichIoro-4-hydroxyphenyl)propane, 
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane 
[sic], 2,2-bis(3-bromo-4-hydroxy- 
5-chlorophenyl)propane, 2,2-bis(3,5- 
dichloro-4-hydroxyphenyl)butane, 2,2- 
bis(3,5-dibromo-4-hydroxyphenyl)butane, 
1-phenyl - 1 , l-bis(3-fluoro-4- 
hydroxyphenyl)ethane, b i s ( 3 - 
f 1 u o r o - 4 - hydroxyphenyl) ether, 3,3*- 
difluoro-4,4'-hydroxyphenyIbiphenyl, 
1 ,l-bis( 3 -eye lohexy 1-4 -hydroxy phenyl )cyclohexane, 
bis(4-hydroxyphenyl) sulfoxide, 
1,1, 1,3,3, 3-hexafluoro-2,2-bis(4- 
hydroxyphenyl)propane, and 1,1- 
bis(4-hydroxyphenyl)-l-phenyl- 
2,2,2-trifluoroethane, etc. Among these 
compounds, 2,2-bis(4-hydroxyphenyl)propane, 
l,i-bis(4-hydroxyphenyl)cyclohexane and 1,1- 
bis(4-hydroxyphenyl)-l,l-diphenylmethane, 
etc. are especially desirable for use. Furthermore, these various 
bisphenols may be used singly, or if necessary, two or more of 
these bisphenols may be used in combination as mixtures, etc. 
[0017] In the method of the present invention, one of the 
abovementioned compounds [I], or two or more of these 
compounds [I], and one of the abovementioned bisphenols, or two 
or more of the abovementioned bisphenols, are mixed, and the 
desired polycarbonate is obtained by performing an ester 
interchange reaction. 

[0018] Ordinarily, the ester interchange reaction that is used to 
obtain this polycarbonate is preferably performed in the presence 
of an appropriate catalyst. Generally, any catalyst that accelerates 
an ester interchange reaction may be used as the abovementioned 
catalyst. Various types of catalysts, such as catalysts that have 
been used or proposed as catalysts for the ester interchange 
reaction in cases where polycarbonates are manufactured by an 
ester interchange reaction of universally known carbonic acid 
esters and bisphenols, can be used. The catalyst used may be 
selected with consideration being given to reaction controlling 
factors such as an increase in the reaction rate and control of the 
degree of polymerization, etc., and also (if necessary) to the 
relative ease of removal of the catalyst from the reaction mixture 
or polymer obtained, as well as to the suitability for use in cases 
where the catalyst remains in the polymer, and to various desired 
conditions such as the presence or absence of coloring of the 
polymer and the degree of such coloring, etc. For example, in 
cases where the catalyst is selected with consideration given to a 
sufficient prevention of coloring in the.polymer obtained, catalysts 
such as alkali metals (e. g., lithium, sodium and potassium, etc.), 
alkaline earth metals (e. g., magnesium and calcium, etc.), 
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hydroxides or salts of such alkali metals or alkaline earth metals 
(e. g., organic acid salts such as lithium stearate, etc.), nitrogen- 
containing compounds and boron compounds, etc. are suitable for 
use. If necessary, furthermore, two or more catalysts may be used 
[in combination]. 

[0019] There are no particular restrictions on the proportions of 
the abovementioned compounds [I] and abovementioned 
bisphenols that are supplied to the polymerization reaction that is 
performed by means of the abovementioned ester interchange 
reaction. However, considering the stoichiometric ratio of this 
reaction and the complete reaction of the bisphenols, it is 
ordinarily desirable to set the amount of the abovementioned 
compounds [I] used per mole of the abovementioned bisphenols 
used in the range of 1.00 to 1.20 moles, preferably 1.01 to 1.10 
moles, and even more preferably 1.02 to 1.07 moles. 
[0020] For example, the abovementioned ester interchange 
reaction (polymerization reaction) can be performed at any 
temperature in a broad temperature range extending from the 
vicinity of room temperature to 300°C. In this case, the 
reaction can be performed in various temperature modes such 
as constant temperature, continuous temperature elevation or 
stepwise temperature elevation, etc. Furthermore, in regard to 
the reaction pressure, the reaction can be performed in various 
pressure modes such as reduced pressure, ordinary pressure, 
self-generated pressure of the reaction system, pressurization 
or a combination of these pressure modes. The reaction time 
that is required in order to complete the abovementioned 
reaction varies according to other conditions such the types and 
combinations of monomers used, reaction temperature and 
reaction pressure, etc.; ordinarily, however, a reaction time of 
approximately 0.5 to 10 hours is sufficient. 
[0021] Furthermore, during this polymerization reaction, 
2-alkoxyphenols are dissociated by the ester interchange reaction 
as was described above; however, a polycarbonate with a high 
molecular weight can be efficiently synthesized by promoting the 
abovementioned polymerization reaction while removing the 
2-alkoxyphenols that are produced. From such a standpoint, it is 
ordinarily desirable to use a reaction operating mode in which the 
reaction temperature is increased continuously or in a stepwise 
manner as the polymerization reaction proceeds, while the 
reaction pressure is set at ordinary pressure or lower, and is 
reduced either continuously or in a stepwise manner. In concrete 
terms, for example, a system in which a first-stage reaction is 
performed for 0.5 to 3.0 hours at a temperature ranging from room 
temperature (e. g., 25°C) to 220°C and a reaction pressure ranging 
from ordinary pressure (e. g., 760 mrnHg) to 50 mmHg, after 
which a second-stage reaction is performed for 0.5 to 3.0 hours at 
a temperature ranging from 220 to 300°C and a reaction pressure 
ranging from 50 to 0.1 mmHg, is desirable for use. Of course, in 
this case as well, the temperature and reaction pressure can be 
varied in a stepwise manner or varied in a continuous manner, or 
can be varied in various types of modes that combine both types 
of variation. Furthermore, the first-stage reaction need not 
necessarily be started from room temperature, and the final 
temperature or maximum temperature in the second-stage reaction 
need not necessarily be raised to 300°C. Furthermore, in the 
abovementioned two-stage reaction, the first-stage reaction and 



second-stage reaction may also be performed continuously so that 
a single-stage reaction is performed in apparent terms. 
Furthermore, the abovementioned first-stage reaction and second- 
stage reaction may be respectively performed in separate reaction 
vessels, or may be performed in the same reaction vessel. 
Moreover, a method in which the reaction is completed (as a third 
stage) using a vent-equipped extruder, etc., following the 
abovementioned second stage reaction is also suitable for use. 
[0022] For example, by using a reaction operating mode in 
which the temperature is elevated and the pressure is reduced, 
such as the abovementioned two-stage or three-stage reaction 
method, etc., it is possible to promote the polymerization reaction 
in an efficient manner while efficiently removing the 
2-alkoxyphenols that are produced from the reaction system. As a 
result, a polycarbonate with a high molecular weight from which 
such 2-alkoxyphenols have been sufficiently removed can be 
obtained with good efficiency. 

[0023] It is ordinarily desirable that the abovementioned 
reaction be performed in an inert atmosphere such as an inert gas, 
etc. In particular, in order to remove the 2-alkoxyphenols that are 
produced from the reaction system with good efficiency, it is 
desirable to perform the reaction under an inert gas current such as 
a current of nitrogen or argon, etc. Ordinarily, furthermore, it is 
not particularly necessary to use a solvent in the abovementioned 
reaction; if necessary, however, the reaction may also be 
performed using an appropriate solvent. 

[0024] Adjustment of the molecular weight of the polycarbonate 
thus obtained can be performed by selecting the reaction 
conditions. If necessary, however, an appropriate molecular 
weight adjusting agent may also be added to the reaction system. 
Various types of agents, e. g., universally known agents that have 
been used or proposed for use in the manufacture of 
polycarbonates of this type, such as phenol derivatives, etc., can 
be used as the abovementioned molecular weight adjusting agents. 
[0025] Thus, bisphenol type polycarbonates with various types 
of structures having various molecular weights (average molecular 
weights and molecular weight distributions) can be efficiently 
manufactured. For example, polycarbonates with sufficiently high 
molecular weights, in which the viscosity average molecular 
weight is in the range of 12,000 to 50,000, can easily be obtained. 
Furthermore, if the method of the present invention is used, the 
reaction can be sufficiently completed at a relatively low 
temperature of (for example) 300°C or less (as was described 
above). Furthermore, the 2-alkoxyphenols that are produced as by- 
products of the ester interchange reaction (polymerization 
reaction) can also be sufficiently removed from the polymer. 
Consequently, there is no need to expose the polymer to high 
temperatures, and it is therefore easily possible to obtain high- 
quality polycarbonates that are colorless and transparent. 
[0026] If necessary, furthermore, the polymer that is produced 
can be obtained as a product with a desired purity by using 
universally known purification methods, etc. If necessary, 
furthermore, the 2-alkoxyphenols that are recovered during the 
reaction, etc., can be converted into carbonic acid ester 
compounds expressed by the abovementioned general formula [1] 
using universally known synthesis methods, etc., and can be 
repeatedly used as raw materials in the method of the present 
invention, or can be utilized for some other purpose. 
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[0027] 

[Examples] The present invention will be concretely described 
below in terms of examples and comparative examples. However, 
the present invention is not limited by these examples. 
Example 1 

68.4 g (0.3 moles) of 2,2-bis(4-hydroxyphenyl)propane (i. e., 
bisphenol A), 86.31 g (0.315 moles) of bis(2-methoxyphenyl) 
carbonate and 0.05 g of lithium stearate were reacted for 0.5 hour 
at 180 to 220°C under ordinary pressure in an argon gas current. 
Afterward, the pressure was reduced to 50 mmHg over a period of 
0.5 hour at the same temperature. Next, the pressure was reduced 
to 1 mmHg while the temperature was elevated to 260°C, and a 
reaction was performed for 1 hour under these conditions. 
Following cooling, it was confirmed that a colorless transparent 
polymer was produced. Furthermore, when this polymer was 
subjected to various evaluations, it was confirmed that this 
polymer was a bisphenol A polycarbonate with a sufficiently high 
molecular weight, i. e., a viscosity average molecular weight of 
28,700; furthermore, no residual 2-methoxyphenol was observed. 
[0028] Comparative Example 1 

A reaction was performed by the same operation as in Example 1, 
except that 67.41 g (0.315 moles) of diphenyl carbonate was used 
instead of 86.31 g of bis(2-methoxyphenyl) carbonate. As a result, 
the polymer that was obtained was a brittle polycarbonate; 
furthermore, although this polycarbonate was transparent, the 
polymer was colored a light yellow color, and the viscosity 
average molecular weight of the polymer did not exceed 16,400. 
[0029] Comparative Example 2 

A reaction was performed by the same operation as in 
Example 1, except that 103.86 g (0.315 moles) of bis(2- 
rnethoxycarbonylphenyl) carbonate was used instead of 
86.31 g of bis(2-methoxyphenyl) carbonate. As a result, the 



polymer that was obtained was a colorless transparent 
polycarbonate with a viscosity average molecular weight of 
29,300. However, this polymer exhibited the slight odor of 
methyl salicylate. When this polymer was heat-treated under 
reduced pressure in order to eliminate the methyl salicylate 
odor, the polymer showed coloring. 
[0030] 

[Merits of the Invention] In the method of the present 
invention, polycarbonates are synthesized by an ester interchange 
reaction of specified carbonic acid ester compounds, i. e., 
bis(2-alkoxyphenyl) carbonates, and bisphenols. Accordingly, 
polycarbonates that have a sufficiently high molecular weight can 
be obtained by a reaction that is performed for a short time under 
mild conditions (i. e., at a low temperature). Furthermore, the 
2-alkoxyphenols that are dissociated by the ester interchange 
reaction can be sufficiently removed from the polymer at a 
relatively low temperature during the reaction, etc. Consequently, 
a drop in quality such as coloring of the polymer, etc. can be 
sufficiently prevented. Accordingly, various types of high-quality 
polycarbonates can be efficiently manufactured. Furthermore, in 
the method of the present invention, there is no use of harmful 
halogen-containing carbonic acid ester forming compounds, e.g., 
carbonyl dihalides such as phosgene, etc., or haloformate 
compounds such as chloroformate, etc. Accordingly, the method 
of the present invention is safe, and there are no problems such as 
corrosion of the equipment, etc. Consequently, the cost of the 
apparatus and equipment can be greatly reduced compared to the 
phosgene method; furthermore, the advantage of greatly 
simplified operation, etc., is obtained. Specifically, if the present 
invention is used, a polycarbonate manufacturing method which 
possesses the abovementioned advantages, and which is therefore 
extremely advantageous in terms of practical use, can be provided. 
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im&l) TSB©-j»S[I] 

Hbi ] 

OR 0 



RO 

{fib. a [ i ] *©r«7^+;us*^u. a 

[ I ] *©2o©RttS(,»K:Ri;rfcJ:t»U tBitl/T 
h£t*X7*y-;U^££xx^;U£J$^)£3tf£C£ 
[OOOl] 

[ mm±(Dmmmf ]*mmz. # y a- - h ©« 

ftft&CHU <fc«5llL<». *#«c*^*'>»©*A 
jKijUS^^-f F^i'oa^M- Mb^^^D/Ma* 
Jl/^-Kb^&ttf©^oy>^WRKi^^«fiStt 
ffc£»*JBl»3Cift < . xx?-;l,£fcJ®£it<fc 0 b'X 
7 x y-;MjW>6*ftft©Jl« h fcWWftfc 

[0002] 

[«£*©»*] b^7sy-MM'M-^ - hT 
f«3ti*55«lfeI«y*-«K*-h (PC) «. ^KiSt 
«^9©^fl^KfttfBfl»tt«:tt*i> *fc. W?g#J 
14. R!E»©B8©^ffi3lcStt. »9Jtt. t&tttt. Bffitttt 

£*{&©£< ©jjSfr4«ti«<c^*>y-T y yvmiit 
ei&msi5 D a D . £*«©#» 

[0 00 3 ] C©*'J*-jK*-h©IIJtffi4LTa:. 

ae3bft»6«*©*tt3Wi«3*i"ci»**«. c©^^i^ 
i j^igx x ? *j&£ttfcda i ©Rietc j: * nm^mm 

*rSl£SHii5SFffi. ©fX7*y-JMS<!:*xy><t 

Mi^^;Hb^»£*xx^iWSUftSJ&3-«*s*it*Jfi: 

[0004] ±ta©©^S-cii, t'X 7 

x y - jus/c w -c& < * x y > £ $ h* sfcafc 

tcffltt b xmm* f y * i i» 5 ***** 
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&<,>&£©S*©£J££WT£fSfS&^r&&„ U*> 

wc#6. se*!sig$nrus©©^(c«> i^rnfc 

aHJj!Q:RBli^f i ;Mb^«l*fflt»ri>tti><c£©fflSK 
J: of. 5(6tt*J^+»T*ofc«3. *Si»tt. I8&© 
J:5K:f#<=>ft£#y *-sK*- haWttfeLfc*) UT. iS 

D a aS©^ y v-*j»6n«:t»£ t> ^R«sw3&rasL*#* 
So cufcifliicioT. c©ffi©#y h 
©iiwfciiswu 3naE. s£A,£.HK©©©#fc«:j:-5 

XfibtlX^Z. 
10 [0 00 5 ] U*»U ±IB®©<fc5tCi^f-Jl/KlftS(6 

WU**** ■& BWtt^ffir * -5 ©r . ±K©tttRW& 

Ifctt*» SfcaMe. t'x? *y-*»&Kfc3tf&IMI 
xxf ;Ui U-C£'©ct 9 tt<bA**ffll>**>3Wi*a»l< 

20 [0 00 6] C©<fc5fcj&*«#T. 9©iXf^ 

mmmt z> mat ^x. ±e©s« ww«^*i» 

i&L/~ci§iijaft©# y h ^«<fc < Ctito <£ *) 

ttm&fimitimztixztc. cft6&*©xx7- 

fc'X [2 -T;l/=i*'>^;U!j<x;b7iXJb] 
h%fflt»S*ffi3Wlsg3nTi>* (*BH»IMI!M*4. 
3 2 3. 6 6 8-Jf) . C©*Hi»SWWB»«:«. fc'X 
[2 -7A3^j/*Wi^7xi;l/] *-jK*-h* 

t^ifdtcJt^T. «J:0(SSfc*JWS^ra©J5lS'CiS 

■an©* y * - - h 4f#s c t&x* z> c t #m $ 

ftTl>£. l>1Pl>t£ifih. C©S£3|5©*ffi-eB. ^-©x 

(cr s £ # y v - s a ^©wiwsj!? * -> tc 

[0 00 7 ] 

[^BjAJ^L/jr^ifS^S] *«1(J. UiB©*« 
40 4a*Ttt3iiA:fe©-C*S. *^Hj©gW«. Bifida 

#e« tewsi^ ©ibih b . w#-cax o taec 

- MA*flK>>M3*jM- hfb^5^£*©^ay>§ 
WRMx^f-^»fiRtt^b^ift*fflt>* C < . if^^c 
^xx^;Mb^Bi4ffl^/cxxf *£ftK£(c <fc*) t* 

x 7 x ^ - ;us^e.iS D D o^©^ y *- - h 

^ff (fifi) rjgi«nii©si6r3»*j:<ff*c£*«"C* 



3 

Kft*©iHi»s*JBfcT'* < . < t>* 
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>; ij - F #SfD J: < ff 6 ft 5 c £ * 
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[ I ] *©2o©R«Sl>(C|BlCTfeJ:(,>l/. fBitbT 
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[0 0 1 l ] r&ibfc. *»«©*ffi«:tei»rtt. buI2 
[ I ] -casft^b^Bj-f&fe-fctr* [2 - r;u 

[ I ] tmtt2>C6&$>Z> 0 ) 4BfffefX7xy-;U 
US 4 ©x X f-JUJSftKlfciC J: Ti^il©* U sK* - 

h*£l5WS#. *©l»©i^f-JU«»SJ£;ccj:or<fc 
£«l [ I ] *©2-TJU3*^7xX;UfcL/<«2-T 
;l/3*->7 xx;U:**->g|5#j5$2 -T^ + ^i/- 
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7Jl/3+->7x^-WJ?-M ©(ft* 4 o r 
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3ft5„ C©M(Cct^a*^©tS^ 2-7;Un + 
io ->7xy-;i/«. -e©^-fi*5/]N3<i^**U ( 3(St-^ 
©H 4 & 9 . <£ o {gs-c©jjn^-Cct 0 

«fc<l&5feT£t4#-ct&„ 4>*i6A,. 2-7A3*f 
7 x y-;U©#T-fi#*& < »£jW9t»»£K:fc. «fc 0 
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as. u#>o&#6. #v-7-z$>£'om^u&vM$& 
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4. ^R-r-S2-7;U3+^7xy-;U©^.^iS<Aj: 

s (asiHj^-T-aA^^oi^) ©r. ig2-7;u3 
30 +^>7 x y-ju©# >; v-*>6©+^^cl^**^(c« 

[0 0 13] frSER4t/t*?* W»KJR»1~4©7^ 
*JUS©*^0!I4L/'C« > y?;US, x^jUS, n-7* 
OfJl/S> -fv 7'Pb'JL-S, n-y"^;l/S> sec-T" 
?;US. <tV79-*m. tert-7^a^4^lf 
€.C4*5r^S„ Cft'E)©4'r4> > y^US, x^;US 
^©J:»J(Stt©fc©«i»aL.<. W«cy^JUS*i»*L 
[ I ] 4 3 ©2o©R«, |iia©7JU+;uS 
•CfcJ;<. fflSft-5«a©7Jl'4 i ;l«-C<>J:t». 

40 [0014] iiwa-«a [ 1 ] vmztizit&vt? ut> 

*><t£V) [ I ] (DMt&MtLXte, WAtt. W [2- 

^Ki/?i-;H tr*[2-xh*-> 
7x-;U] *-*>-h. b^ [2- (n-yoiJ<+ 
•» 7xx;U] £_7i<*-K t'X [2--fy7'P^+ 
i/7x^;U] ^ [ 2 - (n-yh* 

7xx;b] K t'^ [2- (sec-y 

7xx;U] [2--<y7h 
+ ->7xx;U] h> [2 - (tert- 

7h+^) yxxju] ^7-^- (2-yh+^y 
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7xy-Jl/A] , 2, 2-t'X (4-tFd^>7x^ 
)l) 2. 2-tfX (4-tFD + >>7x^l/) 

*^£>, 4, 4-t7 (4-tFa+^7x^;l/)^ 

l, l-b7(4-bFa*^>7x^) -* 
1, l-S/7x^M$X 1, 1-t'X (4-tFO 

^>7x^l/) -l-7x^X*>, 1. 

(4 -t Fp+^7x^) - 1 -7 xx;uy b 
^ (4-b FP^>7x^Jl/) x-f-;k bX (4-b 

KP*^7 xx;U) Z)17 j h\ W (4-tFP + t/ 
7x^1/) bX (4-bFP^>7xr. 

;U) b* (4- t KP+^xXjb) >r h 

>, 1, 1 -b'X (4-t FD + $/7x^;l/) i/itu^ 
>£> v 1, i-t7(4-tFo+->7x^i/)>/^ 
p^*1f>, 2, 2-b* (3 -y^jU-4-t Kp* 
;>7 xx;U) 7'p^> % 2, 2-bX (3, 
;b-4-bFP+^7x^) 7*0^0, 2. 2-bX 

(3-y^-4-bFP^>7x^) zf*y, 2- 

(3-yfJl/-4-bFP+^7x^;l/) -2- (4- 
b FP+^7x^;l/) - l -7x^jH$>, bx (3 
-^^l/-4-bFP+^7xxW ^;l/7^ F, b* 

(3-^?;l/-4-bFP+i/7x^)^W>, b 
X (3-^^;l/-4-t Fp*^>7x^) y£>, 

1, l-b7 (3-^W-4-bFP^>7x^l/) 
t^u-^+lfX 4, 4' -ybFn+t/b^xr.Jk 

2, 2-bX (2-^^Jl/-4-t KP+^xXjU) 
7*0^, 1, (2-m-4-bFP*^ 
-5 -^^Jl/^x^;U) 1. l-fcTX(2-t 
e r t -^^;U-4 - b Kp + ->- 3 -^W7x^ 
JU) x£>, l, (2-tert-^-4 
-bFP + '>-5-^W7x^) 7'PAX 1, 1 
-bX (2-tert -7*;l/-4- t Ko + i/-5- 
yf^7x^l/) 7'$> > 1, 1-M (2-ter t 
-7=Pn>-4-b Ko+i/-5 -y^;U7xx;U) >f y 

1, 1 -b* (2 - t e r t -7>;U-4-t 
FD+^-5-y^l7x^;l/) ^7'$>, l, l-b 

2 f 9. - tart- -/^Ib- A - H Krj=*=-V- R - * 
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Jl/7x^b) -l-7x^JM$> > 1, 1 - b* (2 

-ter t-7i^-4-b FD+y- 5 ?;U7 x 
xju) 7$y x \zx (3-Jaa-4-b Fo*J/7x 
x;l/)y£>, b'X (3, 5-y^P*-4-bFP + 
->7x^;l/) ^d?>, 2, 2-bX (3-^PP-4- 
bFP + ^7x^) 7'Pa'> s 2, 2-b'X(3~7 
Jl/^P-4-bFP : f 1 ^7x^;l/) 7*pa'>^ 2, 2- 
b* (3 -yp^e-4 -t FP + ^x^Jb) 7*Pa* 
2, 2-bX(3, 5-y , /P ; t-4-bFP+^ 

10 7x^Jl/) 2, 2-bX (3, 5 -Z>7)1* 

P-4-bFP^>7x^l/) T'P/O, 2, 2-bX 
(3, 5-^^PP-4"bFP+^7x^;l/) 7'P^ 
2, 2 -bX (3, 5-y^-4-tFP + ^ 
7x^jl/) 7*p;0, 2, 2-bX (3-7^^-4- 
bFP + V-5-^PP7x^;l/) 7'p;0 4 2, 2- 
bX (3, 5-S/i7DP-4-bFP+^7x^iW 7' 
2, 2-t**(3. 5-^D*-4-bKP*- 
'>7x^l/) 1-7x^-1, l~bX(3 

-7WP-4"tFP + ^7x^l)X$> v b* 

20 (3-7;l/tP-4-bFP + ^7x^l/) x-fvk 
3, 3' -is7)\s*U-4, 4' -bFP + ^xx;!/ 
b7x^k 1, 1 -b* (3 -^^U^ + ^-4 - 
bFP+^7x^b) i/^P^f> k (4-t F 
P + $/7x^) X;l/^>F, 1, 1, 1, 3, 3, 
3 -^+i^7;U^u- 2, 2-W (4-bFP*^>^ 
x^.;l/) 7'pyO. 1, 1 -bX (4 -b KD + e>7 x 
x;l/) - 1 -7x^1-2, 2, 2-F'J7J^px$ 
>6iW5Ctm5o tft6©**C^ 2, 2 
-b'X (4-bFP*'>7x^.;l/) 7'P^O, 1.1- 

30 b* (4-t FPt^x^l/) ->^n^+if>, 1, 
l-b^(4-bFP^>7x^l/)-l, l-^7x 

[0017] *«W©*ffiK*l»rtt, ii>ft < t fc. 1 
SX« 2 «OL©lJMEft£» [ I ] i 1«X»2««± 
©SuiBb;*7xy~;b®££<g£U xxr;U£&JKJ£ 

*tf ^ c i *c <fc o r Bf s© h *» jfrr 

40 So 

[0018] C©#y*-?K*- F^/cft(DiXf 
*£*51&tt. ^4M«©»eETrff5©#fiF 
*U>. ig^iUTti, -ftMc, x*?*;U£&5l££ 
ffiil-f£4>©r&ft fi«Si^f;bSib 
^7*y-;i/at©x^f-;US*SlBK:j:*#'J*--?K 

3 tiT I > * ©ft i'SS© 4> ©**«E njffi 
-C&*o ^fflTSft4^«. StSiSSOlSliSVS^a© 
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5/-7A&£*) . **i6©*«fb»*ttffl (AUK. *r 

>{b^ft£jWfr»cfcfl!3ti*. fcfc. !&K<cj£t; 10 
-C 2««±©J»«*ffll»St£t>-C*4. 
[0019] fijexx^u^K£«cj:aS£KJS«:# 

•rsHuieft^) [ i ] tm&v*y*s--tom<Dm&t 

1/tB, tt<cMIRI*&l'>#. c©R(6©{feWU*ifc£tf 
^7*^-;MH©S)£©TO*S%*ifiUr. ffflt^tx 

7xy-;uai*;uate»)©iiria<b^ft [ i ] o&mm 

9ft 1. 0 0-1. 2 0**. «FSb<ttl. 0 1 
-1. 1 0*rt\ J:0*f*L<«l. 02-1. 07© 

csh tca»rr -5 ©a»» mv $> * . 
[0020] WExaf^uasusat <«£kis) ». w 20 
it tf sstt 3 0 0 •c <t i> *> m^umm ic $> * us. 
■ctfsc £#-<?*» *©». -sag. atftnxusw 

W#Stt£»H©fiK*- K??f5C£#r#.5. $ 
fc. KlEjByj£ l/ttt. »E. «E. Sl£*©aE. fln 
BET**l»ttCft6©*fi£"efc«*©E2j*- K-Cff 5 

c i * wftBsio^TOS § -a- a tc&<Dm&mr£i 
mvttxDfkmckixmtezv, a*. 0. 5-1 on# 

[0 02 1] fcfc. COM^Kl&DIRKtJ. ffiMLtcJ: 30 

5 «: x x r *£jfe5j£ic <fc -5 T 2 - 7 * 3 * v 7 * y - 

^F©#y*-#*-h%3a$«t<^liW-4Ci3Wr* 

5. C©<£5&.£>6. S££l£©iHTKK:S£o 

tctt. Wittf. (04*. tf. 2 5"C) ~2 2 0"C©S 

6. ftE 7 6 OmmHg) -5 OmmHg© 40 

sj£0E*©*ft'c. o. 5-3. ommfrttxm-ms 

©RlS*tf t>. 2 2 0-3 0 0*C©S]g. 5 0 

-0. 1 mmHg©Sf&E^©^fr-C, 0. 5-3. 0 

L/. **t>{*en6*«£-efc&a©*- Kr^bs* 
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t»rtj:c». &*$. ±fe©2msct««. »-sb©si& 
©jj^jctf^cit-c**. ±K»-aa©si£ 

feJ:t>0. HI— ©SlCScf-Ctfo-CfeJ:^. $/c, MfB 
*z:aB©si&«c?i*itt«,»-c. ^zas^tr. 

[oo22]0iixn ±ie©.t ^ ttnaxtt=asi6* 

{c|»*snfcll(^«©j|«y*-jK*-h*»»J:<fll 

[0 02 3 ] pieStS^. iiS. ^R£tt*'x^©^r£tt 
#HflTrtf i 5©^fi : *L<. «KflfeJiW*2-7*3 
+5/7xy-*©|^i^$ c k<tf i 5fc©(C 1 0!I^«^ 
3R-t»7* 3 >^©^rgtt*'^miiiET'CJ5r5 ; £tf 5 © 

[0 02 4] f#6ft4sK';*-#*-h©a?*©H® 
ottJ:i». »^F-«BMB«tL"Ctt. ^©C©«© 

ijo;*-^*- h©«js©i5{c«!fflxijai*3nTi»s 

[0025] «±©«fc ^{c or. #®©^fi 
Tas^^fi^) *wrs#«©«a©^7 * y 

•5. WiK. ttSfWl* 5 ^, 0 0 0-5 0, 0 

o o©«H«:**+fl'«:js»Ta©si<y*-jK*- h* 
£ , fVE «fc 9 K«iL tf 3 0 0 "CttTi t> 9 ftt8Wfi 

xf-jusatRit (s^SftO ©BS4*srs2-7*3 4 i 

■C . «HfeM^©iSa a 0 S©^ 'J * - jK* - h {C» 2) 

[0026] a*, 6n/c* ^.gfctcc 

r. ^©ffliJft^Wlfifo-C. Bff^©ffl^S©S^D a a<!: b 

2-7i3+->7xy-«j, ^ecjoor. ^©^ 
fiBS«{cj:oriWB-«©: 1 1 ] vmstiz&mxzT- 
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[0 02 7] 

IK£Sti*fc©t?tt&t>. 

2. 2-fc'x (4-fc Fa+->7i-;b) 7'a/O [f 
t£t>*>> XZ7*S-)IA] 6 8. 4g (0. 3*;u) 
ifc'X [2 Ki/7i-JH *7-#*-h86. 3 
lg (0. 3 1 5^) iXf-T'J^U^AO. 0 

5 g£7JU=f>*ttfe4 ) . kET(C*J^-C> 180~22 10 
0-C-CO. 5B#rajg^3^/c 0 *©». PISS-CE^?: 

0. 5B#HM*T5 0mmHg*?8EKOfc. 

r. ae?r2 6o-csr^at^^e>E* ; &immHg 
*-e«E«:u c©&#riii$iBlKiS3'i*fc. 

c©^ 1 ; •?-{<: -oti-rs^ ©If fi^rtf o/ciC^. c© 

* v- a. s# 2 8. 700 t+wm 

[0 02 8] tfc«W 1 20 

tf'*-h8 6. 3 1 g{tft;tTS>7x~;l/#-#*-h 

6 7. 4 1 g (0. 3 1 5*Jl>) SrfflOfcfcWtt. HJfe 

u/c* ') h r& o . ^©tta¥^j^fi« i 
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